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[0024] JIMBKlsC^B:, ±i2©*fl : *»lfc-r» 

t^T&fcWtttUiP^lc*) (Jpn, J. AppI. Ph 
ys. , 3 2*. L917B, 1 9 9 3 50 . ^Tt:®© 

^ * >ik*f>'> i- Ji/*siE?LlftS6JH© ^ * >fbi<7-> ^> 
^JU<fc0S^o/c*3 (Jpn. J. A p p 1 . Phy 
s. , 3 5*. 4 8 1 9H. 1 9 9 6¥) Ltctc^C, 

^U*{l6ht^ft*>^fc. ^aWtctol^Tli, iE?Lfw 

fca&tc. 2E?L$Bii£li ©^^>{b^-r>^^;u<t00. l 

C ©3R^«J6tc <fc 0 , 3R-^a*WP©«36JBCc*5W*iE?L 

So 



(7) 



[0025] ^micDm&mn&ytm^ctevz&yem 
i^i^'^x^s^ (Tg) *ms-z>zt&w.£L 

6. ^Jf K$$n&3?#l£7 5 >^Tffi-^ ( I ) 

x& (id xmt>2tiz^m7 z^it^wfrhmteti io 

[0026] 
[ft8] 



Ar 3 



N— X— 
Ar* Ar 4 



(I) 



[0 0 2 7 ] mria— ( I ) tctei>r, o < tt. 

y>SL trt-y^HR, bf^x^b^o* fulBS^a 
l -6(D7^+;H ; trx;ua^£>TA'£*x;ua ; ^ h 

a, y*~>m, 

[0 02 8 ] Ar 1 &t>bAr 4 JfSKtt, 

5telt, S^WftK*WUn*r4>J:c^ ?*x;u 
f^^US, ^y+lJ-y;!^ ^xx^a^r^L. itufE 

g^ifc i — eoTiv^jim ; t^^ifor^^^^ 

x h 1 - 607i^+^I : 7 



20 



30 



40 



1 1 -3 29 7 34 

12 

[0029] 

[fb9] 




(II) 



Ar 6 



Ar 5 



[0 0 3 0] buIS— ^ (II) tC*5(,>T* Yte^StM^- 
3, 5 -fi[CcaJft-r*Hffi(D^>"<f>IR<P6)iB 
tfft&o Ar 5 JkZPA r 6 *?$b<&*. 

&*g&a£WUTi>T&<fci\ ?xx;ua, vy 
a, eux;ia. eyt^ua, h yr>^ua, tr^s^u 

a, 'JjI/» % ^xx;t,a£7nU mrlfiiE&a <!: 

^6 07^i/S; t^.;H§07J^^;H ; y 
^^;u^x;ba. x h^#;U^x;l,a^^£U ^ 

f^ai~607^^>i; 7x/^^l, -<> 
^*+^i?(D7 y ; ^x^;U7 ^ >> 

a ; y'v \Z)\/T ^ ym^<DiyT)^^T ^ SS;* 

a, 7x^;n, ^ h+^aa*Ptf6ft£ e 

[0 0 3 1] *»w«:*5Cir«, SuiB— ( I ) xt* 

Htt« ( II) CCS^r »^«j6CC <fc ■? . Tg^85 °C&± 

0. 1 e VJULh^S<"rS<:i3W-C#. £/c 4 00- 
5 0 0 n m©iKfi««eca*^*Wr*»36»3»KBt 

r#?> c Mis— ffi£ (DRV (ii) rs^>3ns5?# 

[0032] 

[*i ] 




[0033] 



[512 J 




CO 0 3 4 ] 




[0 03 5 ] 



[f*4] 




[00363 



im.5) 




[oo37] ctihoHksm*. mwi-cm^r & 
u £*ccjfetr. m-&is-cmi<>-ci>£i<>. Bute 

(C*jW^>^SA^S^5 5 0 ~6 5 0 n m<D©HtC$> 

7 * -te >if zg& 3 5-0 8 7ffi«) . 

5 K>g§zH* (^53^4 - 3 2 0 4 8 5#&80 . 

(#^¥5 -2 2 2 3 6 2#&ffi) . DCMgf <1f&a 



BS6 3 - 2 6 4 6 9 2#&$B) . >fe^* J , 

40 # (^IS!^ - 8 8 1 7 2-SfHJ3Je«) , 7 3. 

>, DCJfif (Chem. Funct. Dyes, P 
roc. Int. Symp. , 2nd 1 9 92?, 5 

361) , ;i^ey>F u v ^(D-^'J 

e>n^c ±ie<D3bfcfe3t**fe** htwtco. i~i 

[0 0 3 8] fie<D-'<^>X?:t^^>fcS!>tC. Sfc, 
^£|SLh£-t*<2>/c«>K:, 4 0 0-5 0 0 n m^WVfa 

50 *M&&ftm&.mx?mT zmft&mzmic K-^orjo 



23 



mm^s - i 9 8 3 7 mtm . 

^7 ^UgS-f £ FgSiSf* (*5fP8¥4 - 3 2 0 4 8 6^ 
$R) . 3?#1&7 5 >g?ig<* («MH¥8 - 1 99 1 62^ 

■&C<h#«$lA>o ±lS4 0 0-5 0 0nm©f^6f 

©aar-cateu-c* ra. ±ia©F-tf> 

+• F - f> J; 0 ^{bT £ C £ I > „ 
[0 039] ±E& K-'OhiiJBtiitHc F-^$*a 

i*gEtcflMJU&$ Sntt,^ jE?LfaiHJ! £?gSS 3 

3?. 5-300 nm, JfSKBl 0-1 OOnrnt* 
£. C©«tcm»ll*HiKcj&fi!5T5fc«>tt:tt, — 

[0 040 ] 5 <D±(C«iE?LPi±® 6 htl 

ho je?uh.±» e ». %#tmfth&mvx<z>-iEii*m 



(13) *JBfl¥ 1 1 -3297 34 

24 

/tJfcit, QftmomrXttfT-^i' + Jl'^ir) 0. 2eV 

jji±a-£ i » -f * >it#r > +• ^©fii£ w-r 

10 5£ (IID-ca^Sn-Sig^lBfiCT-IH*. 
[0 04 1] 
[{bl 0 ] 



20 



30 




M-L 



(III) 



[0 04 2] (iW. R* tel^R* t*. 

g > r;U-^— T';jUa> i'T-'S. 7i^I, T 

TA^Jl^i'*— -JUS. a - >^V7 fc* >\> 
S, §&«£Wb-CI,>T4>«fct>7 5 FS. g& 

SSrW L, T I >T *> £ I ^#&£Hb*3gg;5U*g&SS: W 
LTl>Tfc<fc^#86«5RJK»£gt*>U M(JA 1 
XBGaS^l, LUWTtCT^-r— (Ilia) . 

(Illb) X« (Hie) <Dl»-rtlA^©S?:^-r) 

[0 04 3] 

Utl 1 ] 



•O-Ar 7 (Ilia) 



9 



Ar 9 



-O-C-A^ (1Mb) -O-Z-Ar 11 

Ar 11 



(HIc) 



[0 04 4] (^cji. ZttS i, GeXBSnOUfti 
^©jrf-Sr^b U Ar' X»Ar"(I, S^afcSl/ 



[0 04 6] OS*. R 1 ^IR* tt. S^ii&L 

r, ^ay>^, r^*^». r**t* 



*«t©— flssc (iv) -c^sn^-^^tgi*. 

[0 04 5] 

CYfc 1 2 3 



(IV) 



2 

». 7K®». IM^m>tfcJ:U7i F*. g& 

*?:Wort^rfc«fci^#^^b7k^ax«H^S^W 

&.T<DWmy£ (IV) T?^$n^> 1 . 2, 4-M7V- 




(14) 

25 

[0 047 ] 
[{hi 3 ] 

N-N 

I 

[0 04 8 ] tiTo— m£ (v) r*3h?>xf y;Wfc 

[0 04 9] 

lit 1 4 3 10 

Ar^ 3 Ar 15 

C=CH-Ar ,2 -CH=C^ ( Vl ) 
Ar 14 Ar 16 

[0 05 0 ] (5^ Ar 12 «, l/T<r> 

ut. ex (2 8 y h ) (7*^ 
^ h ) y;u * ex (2 8 y ^ 

^ h h) 7^^-?A, ex (2 - 

^^■^a, ex (2 8 y h ) 

7-^1/77^ Ti^^^A, ex (2 -^^U- 8 
- + ^y^7h) (t;bh-7x^7x/7 h) TJU 
^^A, ex (2 8 U -/9 h ) 

8 -* + ^ >J Sy b) (^7-7*^7*^7 30 

h) y;i/*~^A, ex (2-^^;b-8 - + ^y 

h) (2, 3-^^^^^^-7 h) TiU5^»?A, e 
X (2-^W-8- + /'J/7h) (2, 6-^-** 
Jl'7x/7F)TJl/^ , )A l ex (2-^3^-8 - 
+ y>J/7h) ( 3 . 4 - it* ?fry x-SvY) T)l S 
^.^A 4 t'X(2-^^l/-8-t^y^7F) (3, 
5 -i/M^to?*;? h) TA'S ^A, ex (2-^ 
^-8- + yy^7h) (3. 5-y-tert-^ 

f;b7x/7 h) y;!/ ex (2 8 

h ) <2, 6 *~;l/:7 x^7H T 40 

;b^-)A, ex (2-^^-8-^^y ^5 h) 
(2, 4, 6 - hy7i^7^y7h) T^S^- 1 ? 
A, ex (2-^^;b-8- + ^y^^h) (2, 4, 
6 - h 'J^f^7x^7 h) y;U^~^A, ex (2 - 
^^;b-8 -*-/y Sy b) (2. 3, 6-hy>^^ 

y * b) y;bs j^a, ex (2 8 

yjy7h) (2. 3. 5, 6-f h7^^^7xy7 

h ) y ;u 5 -r.^ a, ex (2-y^;b-8 -*y y 
h) ( 1 -i-V by b) Tib s ^^a, ex (2--** 
;U-8-*^y^^h) (2~t7 h7h) Til/^') 50 



1 1 -3 29734 

26 

A, ex (2-^f-^-8- + ^'J^7h) (h'J7x 
^k>7^7h) TJb^^A, ex(2-^;l/-8 
- + y>J/7h) ( h ! J V x^fr&JU^Sy b) T)\y X 

^a v ex (2-^f^-8- + ^ , ;^7h) (by 

X (4, 4. - tT? isySy b) T)l>$~0 

A. ex (2, 4 -S^^Jl/- 8 Syb) 
;l/h-7x^7x/7 h) y^^-^^A, ex (2, 
4 8-t/'V7h) (A7-7i^7 

x-Syb) yjU^^-OA, ex (2, 4 8 
-+yijy7h) (^^-7x^1/7x^7^ T;L>5 
^ A v t'X (2. 4-^^-8- + /'^7h) 

(3, b -issmy b) y;u^^^A, ex 

(2, 4 -5^*?JU- 8 y -/9 h) (3. 5 
-tert-^7x^7l-) 7^5-')A, ex 
(2 -y^;l/-4-x^;l/~8 h) 

-^u v /7h) t^^^a, ex (2-^^;b-4- 

^ h + 8 -^/'Jy7 h) (^7-7x^x; 
^ h ) y;US^^A, ex (2-yf^-5-yT/- 

A, ex (2-^f^-6-h';7;WO^^l/-8- 
*yy^-7h) (2 h) T^S~^A % ex 

(2 -y ^;u- 8-^yy^h) (7*/7h) *y 
»?a, ex (2-^^-8- + /y^7h) 
-^1/^/7 b) J3 y a s ex (2-^^;u-8 
y^^h) (^7-7x^;b7xy7h) ^/y^A, e 

X (2-^^-8- + /'J/7h) (l-t7h7 

h) ^/y^A, ex (2-^^;u-8 y>5 h) 
(2 -^^ h) **y ^a, ex (2-^^-8- 

+ yy^7F) ( h y7x^;^>7^7 h) *?A, 

ex (2-^f^-8-+^y/7h) (hyx (4. 

4 - fc'7x^b) isy Sy b) i/y^AfW^n 

5 D #{c»$K«, ex <2 8 -*-/■;>' 
^h) (2 -^-7 h) y;b$^^A, ex(2-y 
^ji/- 8 - + > y h) ( b y 7x^7^7 h) 

[0 0 5 1 ] MfS-^K (IV) -C^t>3ti^-^#llll§ 

f*cDft{*W<t or, ex (2-^^-8- + ^7h) 
r^^^A-M-t^y-ex- ( 2 8 - 

*y y^7 b) tjr^-Ja, ex (2, 4 -isJZ-M 
-8-*sVSyb) T^^'JA-zi-t+y-ex 
-(2, 4-^^f^-8-t/^7h) TiR^*) 

a, ex ;i/-2-^f^-8- + yy/7 

h) y;u^^^A- y~t+y-ex- (4 
2-^^;b-8 y h) yju^^-^A, ex 

(2 4 -y b^ris*; \) S y b ) yjl"^ 1 ? 

A-zz-^+y-ex- (2 4 h+f>+ 
yj/7 h ) y;u ^ -^^a, ex (5 -->y>- 2 

8 y sy b) ^-^A- M-^ + V- 

ex- ( 5 -^>y ^ - 2 ^-ju- 8-+^y^^h) 

/ji/^f) a, ex (5-^PD-2->^-8- + 



27 



y y -/9 h) T^5^.^A-jLt-**y- tf*- (5- 
*y y/7 h) t;1/^^a- At-^ + v-t'x- (2 

X (2-^^-8 - + h) TJl/S^A- /i* 



(15) 1 1 - 3 2 9 7 3 4 

28 

* -**v- trx- (2 8-*^yy9h) r 

;b^^^A^tf e>n^o iiygfi#fifc£ (V) -e«^$n 

41. 2. 4- h»J7*/-MMr / >«C< <I*rT£ 

[0052] 
[4tl 5] 



t-Bu 




t-Bu 






[0053] wie-ass: (vi) tabsns^fyMk 

[0054] 
[ft 1 6] 



40 
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[0 0 5 5 ] jmPliLJI 6 ©JgJ*[i, i!^. 0. 3~1 
OOnm. ffSKIJO. 5-3 OnmT$i5. JJE?LPI 

aA?n/c^-?-5r^<i: < iE?LPfiitJi 6 <Dftfticmmir 

A3 ftfc^££Ms J: < Iftji-r £ C £ *5-c# £{t^3T 
[0 0 5 6 ] C<D£*?t£0kftZffitc-rttHtUXlt. 8 

(#PgBS5 9 - 1 9 4 3 9 3-5f&*R) . 10-tKP* 
C h ) t^'J >©£M«f* (^¥6 - 3 2 2 



6) iftP^ 1 1 -3297 3 4 

30 

21679 i-«§<23R) . isx?-<)>my *~*mmi$ 

(^fP§¥3 - 2 3 1 9 7 0#£$B) . i^a-n^Sf* 
(!}#g8¥9 - 8 7 6 1 6-*f£3fi) . 3X«5-tFa* 
->77#>£J!St<* (Ap p 1 . Phys. Let 
t. .71*. 3338 H. 1 097*) . ^>X** 
V-V~Jl>&m$%te 6- 3 3 6 5 8 6^$g) . 

TV- JV£IRf§{* mH?9-2 7 9 1 34^ 

10 HI5. 645. 9 4 8^if) , trSfWWt&H 

-2 0 7 1 6 9-Sf&$B) . 7st>H3'J> 
ggggft (#^5 - 3 3 1 4 5 9-5f&$g) . 2 - t - V 
^;l<-9, 10-N. N' -y^7/7>h7=t : ^>y 
-Y5>(Phys. Stat. Sol. (a). 142 
*. 4 8 91, 1 9 9 4*), nl*gfb^B B a I^t-> 

■5.. M-?-$fii2iJ17©J®J?«. ffl*. 5-~200nm. » 
JL<B1 0— 1 0 0 nnit*5. 

[0057] «. ^T-iaain7 tc^^aA-r^ 

^^-)A- ■{ A-£&. T ;b 5 ^ A - V J-'J A 

[0 0 5 8 ] Etc. <mw£§t.-ftmxizn?-ffimm<Dftffi 

icLiF, Li, Om<DThU ') SMitSWl^T )1<Jj <) 
30 ±m^W>itWlW<DWffim (0. l~5nm)£lfA 

(Appl. Phys. Lett. . 70*. 152 
H, 1997*: IEEE Trans. Elect r 
on. Devices. 44*. 1 2451, 1 99 7 
ip : q$ff g - 8 6 6 6 2-%WM9) . P£@8CD|gJ¥te 
MIS, P§@2£|Btt£-e&&„ ffi{±*M£fc^lI#>e>l&£P* 

[0 05 9] 0 1 £«i£©1f ®. BP%. SfeBcBf 
@8. *y-*WaSJi 7 . #fc)fcJg5. J£?LlM^>i4 > P1&2 



31 



[0 06 0] 

&Brt<DjE£ffirt*2x 1 0-*To r r^TtcftS* 

3) £-te9 5 **tttWcA*i. **©JiB©*>*>Hi 
tt, 2 0 0-2 60 *C<D&mvfflfflLtc 0 SfB$OX2* 

16-6 



(17) *SHJ¥ 1 1 - 3 2 9 7 3 4 

32 

1*1. 8xi0" 6 Torr (#J2. 3xiO' 4 Pa) 
^»i$S0. 3 nm/»t?W8 2 n m©-*i-Cjg 
9§&«*»fc. C -f*>ib*f->5/ -rib* 
ffiWitS <*) «©*j««^*fS« (AC - 1 ) * 

©3&W«*:*$R^>^ 3 50 nm) ~CJa|3LT 

- m^FttK DSC-20Ct<fcU TSSMMWrfflje U /c <b C 

[0 0 6 1 ] 
[*6] 





[eVj 


[nm] 


Tg DC] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 


88 


1-10 


5.00 


450 


146 


I-27 


5.09 


470 


142 


I-28 

# 


5.05 


480 


120 



[0 06 2 ] ##042 

jEKmmmotmt u-c«. mmit^m < i 

&t\ «T«:m-r4, 4' -fc'X [N- (1 
Jb) -N-7i-Jl/7S^) Wi-il' (H 

[0 06 3] 
lit 1 7 ] 



3) Ctft 
1 ) £ 



30 



[0 06 5 ] 

tfb i 8] 

pH 3 







:ai— o- 




(HB-1) 



(H-1) 



40 



[0 064 ] Utcmt&3*ffll iPiKltlfi^flP 

mote. coMm&,w<D j *>i>*®mo 

tctC6. 5. 25eV©15:*0/c„ 
##0U3 

jE?LPI±d©W*4i or. mmit&® (1-3) left*. 

( h \)v x~Jl/S^ y 5 h ) TJUS-^Algf* (HB- 

i ) zmmmt utemt^m 1 iptSK: utiti?: 



[0 066 ] COjfJgf^O^WbtfT-^i-^i'J 
SL-folS*. 5. 5 1eVC*ofc. 

mnmi 

( I TO) SH^MM* 1 2 0 nm:)tfSl//c*>(D <SP* 
y i??±$!j ; ^t-Aj£|gp a n ; hifii/i 1 5 Q ) 



50 



SiE^St?*. *«* v:/P t^T^- 



(18) 
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<JtB3¥ 1 1 -3 29 7 34 
34 



itcik, ^irt©R^*i2x 1 O-'To r r (#J2. 
7 x 1 o- P a ) fcTRcfc £ $ -C?«{*SiSI ^fcfiS 

[0067 ] jE?lNti&ll#ft£ t/T, 4 , 4 ' -tX 
CN - ( 1 -N-7i^7i 

(H - 1 ) £-fe^ 5 ^miSCCAn. ttfifl©J§ffl© 

tfctf®©SKtt. 2 7 5-2 8 0'C©©H-C$IJffl>t//c„ 
«B$©J[£g« 1. lxiO-'Torr (^Jl. 5X1 
O-'Pa) "C. mmi&igO. 3nm/#TlI6 0nm 

(I - 1 0 ) £*X Hvtf4£ O-C. TiB«:*Jfi«*m-r 
;U:/U> (D-l) 5rh'-^S*fitibt, ~7imm 

mmmc <£ »? . t&JEiiw&m 4 ©±&c^#£tT ^ fc. 

[0068] 
[<fc 1 9] 




(D-1) 



[0069] c<on<om^it^ ( I - 1 0 ) ©ttfljSS 

g«3 2 0-3 3 0*C©®fflT\ )l 7 ls><Dmi®Ug.lt 
2 0 0 'CCftlKW b/c. a»B#©Jt£Ktt 1 . 1 x 1 0 - 6 
To r r (#J1 . 5 x l 0" 4 Pa) r. hf.**4©^ 
#iS)K0. 2nm/#f, i)IB3 0nmt$.r)fc. C 
©B#. S?ZI©^1 5 n mOiit, ;l/?"lx>itfi®©~> 
* ££KJWrcc F-^l/4H««i L, f£#© 1 5 n 
m©$I*#C , « , t'?'l'>rt s ** H#l4tC*tUt:0. 411 

t, t*X ( 2 - ^ ^Jl/ -8- + y'J^7h) ( MJ 7 * 
^•>7/7 h) T-rt/S-^Alff* (HB- 1 ) £±IB 
JfcftJg 5 ©iKFfflMC Lrlf?:tT-5fc t C ©B$©tttti3 
©?SJK« 18 0-19 0°C©ffiB Ofc. ^.#l#© 
Jt£KW:8. OxiO-'Torr (ifa 1 . 1X10''P 
a ) -C. WMm&O . 5 n m/#t?. H®tt 2 0nmtf 

;U5^.^A©8 -b Ko+->+^ (E- 1 ) £ 

±§BiE?LPljUi 6 ©±tc|BJ«K: U XWMWi itc. 

[0070] 

[ft2 0] 



10 



20 



30 



40 




(E-1) 



[0 07 1 ] C©B#<DtHi^©iaig«3 0 0 — 3 1 0*C© 
©BrfjHjflSbfc. Si#l$© JE^Kl* 8 . 0 x 1 0" To 
r r (^3 1. 1 x l 0 - P a) -C. ItiigO; 3 nm 
/#"C. J»J?«:2 5 nm-C&-?/c ±IS©iE?Lfm j*H 4 

[0 07 2 ] CCf, S^iHJ17*-C©^lf«:?f-ofc 

T. ^®^.#ffl©vX^iL/-C2mmi|iI©X h^-f^tK 
K— 7***. PI&2©I TO* h^'f 

gor«&Jl£|i]1$tcuTj|grt©Jt£ , £#2x io-' 

Torr (&2. 7 x l 0" 4 P a ) WTCcScSS "CgEM 
L//c„ Mf@8<!:br. 5t-T. 7 ^-fb^^^^A (Mg 
F, ) £*y:7?*»F- h£ffi^T> a£#>SK0. 04 
nm/®. Jt£g5. 0X10 - 6 Torr (i&6. 7X 
10- 4 Pa)T\ 0. 5 n m©M)m-cm-?-fM^I® 7 ©± 

- hiCcfcO^L-C. ^.#i&K0. 5nm/#, 
1. 2xiO- 5 Torr ($*J 1 • 6xiO°Pa)TI 
JI4 0nm<DT)l'S.~OJ>.m*Bf&lstCc WIC. -€-©± 

«c. ^©^ft^i^S/cAK:^*. y ^ 

X^JSl. 2xlO"Torr (#J 1 • 6xlO°P 
a) -CJSJ14 0 nm©^JI£ff$l&UTI&«B8£5SJj , i;3tr 
fc 0 fcLfcOHJBSBMI 8 ©^»B#©*«Sg[«^SCC« 

ft bfco 

[0 0 7 3 ] )H±<DMktCLX. 2mmx2mm©-y--<X 

^JfSS2 5 0mA/cm' ©^?gS-t?©ffl. fS* 
Wmitl 0 0 c d/m' f©fii. 

"^tt©^*^ tiJ5«l 0 0c d/m J -C©fil?r 



C I Efe|gJl«fii ( J I S Z 8 7 0 1 ) «r 

[0074] 
[*7] 
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(19) 



— 7 



&m¥- 1 1 -329 7 34 
36 





Jt JT./H 


[cd/m 2 ] 
@250mA/cm 2 


Lt m/W] 
@100cd/m 2 




Mrr 

[V] 
(5>100 cd/m 2 


cie &&mm 






[cd/A] 


X 
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